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1 Introduction
At the RAN1 #90bis meeting, the following agreements were reached on CA [1]:
Agreements:

· The following working assumption is confirmed:

· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET

· The offset(s) depends on CIF

· FFS details

· FFS the case of same DCI size (whether to have shared search space or not)

Agreements:

· When a UE is configured for cross-carrier DL/UL scheduling, CIF is present in DL/UL scheduling DCIs for both the serving cell under self-scheduling and the serving cells being cross-carrier scheduled

· FFS whether CIF is present or not in other DCI cases
Agreements:

·  ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 

· Configured number of DL Cells

· The max number of TBs based on configuration for each DL cell

· Configured number of CBGs per TB per configured DL cell

· FFS: Handling of different numerology between UL and DL

· Details FFS

· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell

· Details FFS

In this contribution, we further discuss the remaining issues on CA, including cross-carrier scheduling and HARQ-ACK feedback for NR CA.
2 Discussion
Cross-carrier scheduling
For UESS search space design in case of cross-carrier scheduling in NR, it was agreed that the scheduling cell and the scheduled cell(s) are separated by an offset but how to define the offset is FFS. The definition of UESS search spaces for cross-carrier scheduling in LTE can be reused for NR.  The only difference is that LTE use the number of CCEs in the control region of a subframe as the candidate resource for search space computation while in NR the total number of CCEs in one CORESET of a slot should be used instead.
Furthermore, when different carrier has same DCI size, whether they can share the same UESS search space should be considered. Considering that the probability of PDCCH blocking can be decreased by sharing the same UESS search space, this can be supported for the case of different carrier has same DCI size.
Proposal 1: When different carrier has same DCI size, they can share the same UESS search space.

HARQ-ACK Codebook
Both semi-static codebook and dynamic codebook are supported for carrier aggregation in NR. Same with single cell operation, to reduce number of unnecessary feedback bits for semi-static HARQ-ACK codebook, a set of HARQ-ACK codebook sizes can be semi-statically configured and one of them is selected with the HARQ-ACK resource indicator as described in [2].
Proposal 2: A set of HARQ-ACK codebook sizes are semi-statically configured and one of them is selected with HARQ-ACK resource indicator.

For semi-static codebook, counter DAI can be used to indicate the location of HARQ-ACK bits in HARQ-ACK codebook. Hence, counter DAI should be supported for semi-static codebook. If a UE is configured to monitor for both slot-based and mini-slot based scheduling the counter can be updated in each monitoring instance.
Proposal 3: Counter DAI indicating the index of scheduled PDSCHs until current slot/mini-slot per cell should be supported for semi-static codebook in CA.
For dynamic HARQ-ACK codebook determination, the LTE method of determining the dynamic codebook size cannot be reused directly as discussed in section 4 of [2], since the total DAI is updated in each slot containing PDSCH, gNB and UE will have misunderstanding if the UE does not detect the last DL assignment. 
In NR, counter DAI can be defined as the accumulative number of PDSCHs up to the present serving cell and present  slot/mini-slot , first in increasing order of serving cell index and then in increasing order of  slot/mini-slot index, whereas the total DAI is the total number of PDSCHs that need to be acknowledged in the same feedback occasion. It is up to gNB implementation how to dimension the number of possible scheduled PDSCHs.
Proposal 4: The dynamic HARQ-ACK codebook size can be based on the counter DAI and total DAI:
· Counter DAI is the accumulative number of PDSCHs up to the present serving cell and present  slot/mini-slot , first in increasing order of serving cell index and then in increasing order of  slot/mini-slot index
· Total DAI is the total number of PDSCHs needs to be acknowledged in the same feedback occasion.

For CBG based transmission in CA, the above counter DAI and total DAI definition with the granularity of per slot/mini-slot transmission cannot indicate the number of missed CBGs, since the number of configured CBGs can be different on multiple cells. To solve the issue, four alternatives are proposed for dynamic codebook in last meeting CA discussion: 

· Alt. 1: Extend counter DAI and total DAI by log2(max_number_of_CBGs_per_TB) bits

· Alt. 2: Generate HARQ-ACK for maximum number of CBGs per TB across configured cells

· Alt. 3: Generate first HARQ-ACK sub-codebook for TBs and generate second HARQ-ACK sub-codebook for CBGs of TBs with NACK

· Alt. 4: For same CG, define first/second sub-CG with semi-static/dynamic HARQ-ACK codebook – HARQ-ACK codebook is the joined first/second HARQ-ACK codebooks

Comparing the above four options, Alt.1 will increase the DCI overhead by 3bits. Then if dynamic codebook is used, at least 5 bits is added in DCI compared with semi-static codebook. For Alt.2, different cells may have different configured number of CBGs per TB. Generating HARQ-ACK for the maximum number of CBGs per TB across all configured cells will produce too many redundant bits, which will reduce the performance of HARQ-ACK. For Alt.3, it can reduce the number of HARQ-ACK feedback bits, but the two-part HARQ-ACK feedback method should be defined and may require considerable specification. For Alt.4, since the possible number of configured CBGs per TB is 2, 4, 6 and 8, but UE only support at most two PUCCH cell groups, hence it cannot solve the issue. Generally, all the above options have drawbacks, we prefer to not support CBG based transmission when dynamic codebook is used in CA at least in Rel-15.

Proposal 5: CBG based transmission is not supported when dynamic codebook is used in CA.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: When different carrier has same DCI size, they can share the same UESS search space.

Proposal 2: A set of HARQ-ACK codebook sizes are semi-statically configured and one of them is select with HARQ-ACK resource indicator.

Proposal 3: Counter DAI indicating the index of scheduled PDSCHs until current slot/mini-slot per cell should be supported for semi-static codebook in CA.
Proposal 4: The dynamic HARQ-ACK codebook size can be based on the counter DAI and total DAI:
· Counter DAI is the accumulative number of PDSCHs up to the present serving cell and present  slot/mini-slot , first in increasing order of serving cell index and then in increasing order of  slot/mini-slot index
· Total DAI is the total number of PDSCHs needs to be acknowledged in the same feedback occasion.

Proposal 5: CBG based transmission is not supported when dynamic codebook is used in CA.
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